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PREFACE

This data package presents the key results of the Miami Stage 1 Airfield
Simulation Model experiments, organized by comparison sets which demonstrate
the relationship between various demand/improvement/ATC system scenario
combinations that exist in the experimental design.

The annual delay estimates for various demand/improvement/ATC System scenario
combinations are also included in this package. These estimates were developed
from an analysis of the Airfield Simulation Model experiments, as opposed

to employing the Annual Delay Model as originally envisioned. The annual
weather group/demand factor ratios were applied to the simulation results of
selected experiments to develop the annual delay estimates.

The major intent of this data package is to compare the experimental results and
annual delay estimates in a manner that will assist the Miami Delay Studies
Task Force in preparing its final report.
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1. INTRODUCTION

1.1  GENERAL.

Airfield operations at the Miami International Airport are expected to
increase in the immediate future. A study of the effects of this increase
in air traffic demand and proposed improvements at the airport (procedures,
hardware, and airport design) was initiated in September 1976. The results
of the initial capacity study appeared in an Interim Report (October 1977)
issued by the Miami International Airport Improvement Program Task Force.
The present delay study was based upon the report and a technical plan pre-
pared in October 1978, along with a Federal Aviation Administration report
(FAA-EM-78-8A) entitled ''"Parameters of Future ATC Systems Relating to
Airport Capacity/Delay' (June 1978).

1.2 OBJECTIVE.

The purpose of this effort was:

1. To estimate current levels of airport delay and to identify causes
of delay associated with operations in the airspace, airfield, and apron/
gate systems,

2. To estimate the potential benefits of reducing aircraft delay
through alternative air traffic control procedures, airport use policies,
and facility developments.

3. To estimate current and future relationships between air traffic
demand and aircraft delay as an aid to future planning.

4, To estimate the potential benefits of increased aircraft capacity
and reduced aircraft delay for proposed improvements in air traffic control
systems resulting from the FAA Engineering and Development program.

1.3 BACKGROUND.

The airport delay study began with a description of the present day air
traffic control procedures at the Miami International Airport. A report was
prepared in September 1976, (FAA-NA-76-164) which summarized the ground/
airborne scenarios. The next step was the preparation of a technical plan
which included a list of the experiments to be performed and information
regarding the application of the airfield simulation model, Various steps
and milestones were planned along with a description of data requirements
for the computer (model) runs.

The effort was accomplished by the Airport Improvement Task Force reviewing "’
a series of data packages containing information on the preparation of the

model runs, revisions to the experimental design (suggested by the Task Force),

and the results of the experiments. The data packages contained information
on the calibration of the model based on field data, description of the model
inputs for the experiments, air traffic demand forecasts (including runway
and aircraft class distributionﬁ, results of experiments and preliminary
analysis of those resuits.

Comments on each of the data packages by the Task Force were incorporated
into subsequent work performed on the program.
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2. DISCUSSION.

2.1 AIR TRAFFIC CONTROL PROCEDURES.

The air traffic control service at the Miami International Airport is
extended to each airline company, general aviation, the airport authority,
the local and regional residents, and the general public. The ATC proce-
dures employed at the airport are responsive to a variety of geographic
and airfield conditions. The desired result is a safe level of service
which holds delays to minimum throughout the day by applying present air
traffic control rules and regulations.

Some specific service conditions reflected in the ATC procedures are:

1. The assignment, when possible, of arrivals to runways closest to
their gate areas.

2. The assignment of departures to runways based on the route of
flight (with the exception of B747 aircraft which must use runway 9R/27L).

The ATC procedures are considered in the study in two ways. The separations
maintained between arrivals and departures are used as model inputs for the
computer run. The present day conditions at the airfield are reflected in
the gate and runway distributions used for experiments with VFR conditions
and no airport design improvements,

2.2 EXPERIMENTAL DESIGN AND MODEL APPLICATION.

The Stage 1 experiments shown in table 1 represent the finalized Airfield
Simulation Model experiments that resulted during the course of this effort.
Experiments 11B, 14AA, 35A, and 21N, for example, are reruns of experiments
11, 14, 35, and 21 as presented in Miami Data Package No. 6. These reruns
were performed to correct for errors found in the arrival runway occupancy
times and exit probabilities for the runway 9R extension.

The Stage 2 experiments shown in table 2 were initially to be performed by
application of the Annual Delay Model. It was decided to base the annual delay
estimates on results obtained from the Airfield Simulation Model, however,

due to the complexity of developing accurate capacity/delay curves required

as input to the Annual Delay Model., The weather group/demand factor rati?s
initially developed for application of the Annual Delay Model were taken into
account while developing the annual delay estimates.
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2.2.1 Air Traffic Control Scenarios,

The time frame for the air traffic control scenario indicat=d the aircraft
separation values to be used for the experiments for either VFR or IFR weather
conditions. Persent day VFR separation values were established by calibrating
the model (i.e., matching model output to field data collected at the facility).
The base values for arrival-to-arrival and departure-to-departure separations
were obtained from the FAA report on ''Parameters of Future ATC Systems Relating
to Airport Capacity/Delay'' (FAA~EM-78~8A)., The remaining values for separation
followed the results obtained through calibration.

2,2,2 Airport Design Improvements.

The airport design improvements were initially identified in the Miami
International Airport Improvement Task Force Interim Report. The near-term
improvements were noted in table 1, Miami Delay Experiments.

The near-term improvements included:

Improvement No, 1:

Improve the taxiway system of runway 9L/27R, Install runway centerline
lighting and touch-down zone lighting on runway 9L. Install dual, 250-foot
baseline RVR systems on runway 9L/27R,

Improvement No, 2:

Install runway centerline lighting and dual, 250-foot baseline RVR systems
on runway 9R/27L.

Improvement No. 3:

Install High Intensity Runway Lights, an Instrument Landing System and an
Approach Lighting System on runway 30, Provide paved, blast protection
shoulders on runways 12/30 and 9R/27L. Implement operational procedures to
make greater use of the intersection take-off position on runway 30 and
simultaneous use of runways 12 and 9R.

Improvement No, L:

Upgrade Opa Locka and Tamiami General Aviation Reliever Airports, to encourage
low performance general aviation aircraft to relocate out of MIA.

Improvement No. 6:

Use 2 mile, in-trail staggered parallel approaches at MIA, to improve capacity

without the extra tower staff required for full, independent parallel approaches.




improvement No. 7:

Install Vortex Advisory System (VAS) monitors at both ends of all three
runways at MIA,

Improvement No., 9:

Extend runway 9R/27L by 3650 feet, Relocate the easterly and westerly
landing thresholds on runway 9R/27L to positions 2200 feet down the runway,
for the purpose of noise abatement. Provide a dual parallel taxiway system
and new exit taxiways on runway 9R/27L.

Improvement No. 10:

Ask the airiines to taxi, rather than tow their aircraft between their bases
and their gates, anv vice versa, during peak traffic periods.

Various near-term improvements were introduced into different experiments to
determine theii effectiveness in reducing delays and processing the air traffic
demand. The improvements were introduced intc the experiments by changing the
model inputs and the runway demand distributions.

2.2.3 Air Traffic Demand.

Actual and forecasted air traffic demands were prepared for the 1978, 1983, and
1988 time periods. Demands for the 1983 and 1988 time periods were prepared
for both the full G,A. and limited G.A. cases s0 as to study the effect of
reliever airport upgrading.

Each air traffic demand applied to an experiment required a specified arrival
and departure runway distribution and individual gate assignments by airline.

The basis for the initial VFR distribution of traffic was the field data
collected at the asirport during the week of October 30, 1978. Data reduction
programs calculated the actual distribution of traffic over the runways and

gates.

When the experiment required another weather condition or an improvement in
airport design, the aircraft schedule was changed to reflect the proper weather
condition or the revised airport operation. After the computer simulation

of a particular experiment, the delay and travel time summaries were analyzed
to determine whether the results represented logical operating conditions for
the airport.
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2,3 EXPERIMENTAL RESULTS,

Each experiment produced a summary of hourly results which was reduced to
tabular form. The information in the table included: average flow rates

for each runway, average total flow rate for the airport, average arrival

and departure delay for each runway (including average delay for all runways),
average runway crossing delays, average taxiway delays and average gate hold
conditions. In addition, average travel times were listed for the airborne
arrivals (arrival fix to threshold), arrival ground travel (threshold to

gate) and departure ground travel (gate to roll including gate hold time).

The tables for each experiment are shown in appendix A,

The summaries of the experiments were used to calculate the total delays and
travel times accumulated during each hour of the simulation., These accumulated
values formed a convenient means of comparing between experiments as will be
seen in section 2.k, ,
Tables of average delays are also included in section 2.4 as another aid in
comparing between experiments. The peak hour average delay shown in these
tables is the maximum of the average hourly runway delays across the simulation
time period. The 1100-1900 hours average delay is the total accumulated

delay across the experiment, divided by the number of aircraft that were pro-
cessed across the experiment,

The results of the simulation model runs formed the basis for calculation

of the annual delays for the airport. Experiments 1 and 2 were rerun for a

time period of 000 to 2400 to serve as a guide for calculating the total

delays for an average day. These results indicated that under the easterly
configuration, 88.8 percent of the daily arrival delays are 88.0 percent

of the daily departure delays occurred in the time period of 1200 to 1900 hours.
The results also indicated that under the westerly configuration, 87.8 percent
of the daily arrival delays and 89.6 percent of the daily departure delays
occurred between 1200 to 1900 hours.

It was assumed that the average day was representative of 1 month of activity
which comprised about 8.5 percent of the total delays. The results of the
simulation experiments whose conditions matched those required for the

annual delay calcaultion were used as a base for the determination of total
annual delay (additional simulation experiments were performed to develop annual
delay estimates for the 1988 time frame).

R




2.4 COMPARISON OF EXPERIMENTAL RESULTS

The comparison of experimental results was directed towards satisfying the
objectives of this effort and determining:

1. The effect of demand on delay.

2. Peak average runway delays (airborne arrival and departure runway
queue).

3. Average delays over the simulation time period (total delays, both air-
borne and ground).

4, Annual delay estimates.

5. The percentage reduction in delay, travel time, and estimated annual
delays due to proposed procedures, hardware improvement options, and airport
design improvements for near-term and far-term implementation.

The following comparisons were made:

1. 1978 baseline versus 1983 do-nothing case.

2. 1983 do-nothing case versus 1983 separations and reliever upgrading with-
out airfield improvements.

3. 1983 do-nothing case versus 1983 separations and airfield improvements
without reliever upgrading.

4, 1983 do-nothing case versus 1983 separations and airfield improvements
with reliever upgrading.

5. 1983 separations and reliever upgrading without airfield improvements
versus 1983 separations and airfield improvements without reliever upgrading.

6. 1983 separations and reliever upgrading without airfield improvements
versus 1983 separations and airfield improvements with reliever upgrading.

7. 1983 separations and airfield improvements without reliever upgrading
versus 1983 separations and airfield improvements with reliever upgrading.

8. Effect of runway 30.

9. Towing versus taxiing between maintenance areas and gates.

.

(Note: The 1983 do-nothing case refers to 1978 airport operations with 1983, .
full G.A. demand.)




COMPARISON OF 1978 BASELINE WITH 1983 DO=-NOTHING CASE

The basis for comparing the 1978 baseline with the 1983 do-nothing case includes
the VFR1, VFR2, and IFR] weather conditions for easterly and westerly traffic
flows. These configurations represent those predominantly exercised during the
year at Miami International Airport.

The purpose of these comparisons is to study the effect of increased 1983 demand
on today's airport under 1978 ATC. This increased demand assumes no G. A. relo-
cation out of Miami between 1978 and 1983.

EXPERIMENTS CONF | GURAT I ON )
#1 and #7 VFR1 -~ Easterly Flow F
#2 and #8 VFR1 - Westerly Flow
#4 and #34 IFR1 - Easterly Flow
#5 and #39 {IFR1 - Westerly Flow :
#3 and #38 VFR2 - Westerly Flow

Figures 1 through 5 show the average delays and travel times for arrival and ’
departure aircraft, Table 3 gives a direct comparison of the experiments showing 2
the total delays and travel times that accumulated during the simulations.
The results of each comparison are noted on the table.

Tables 4 and 5 show the peak average runway delays, the average total delays over
the simulation time period, and the annual delay estimates for the 1978 baseline
and the 1983 do-nothing case.
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TABLE 4

AVERAGE DELAYS

PEAK HOUR 1100-1900 HRS.
AVERAGE DEILAY AVERAGE DELAY
(MINUTES) {MINUTES)
EXP DEMAND | WEATHER IMPROVEMENTS ATC ARR DEP ARR DEP
| { Todays|NFRI-E| None Todays | .S | 47 /7 | 3.1
1
7[1982L [NFRI-E | None Tedaws | /24 | /5.2 | 2.9 [/52
2 {Todays |[vERI-w | None Tedays | .0 | S & 1.7 3./
8 \q%?)'z' VERI-W | None, Todays | /R. R 5.4 Gf 1Y o
4 [Todays [TERI-E [ None Tedays | 6.0 2.& 4.1 4. &
34{19%83% [1fR1-E | None Todays | 327 | S9./ | 250 | §2.4
§ [Tedays [LFRI-w | None Todays | 5.7 7.1 3.) S,/
39 [1983 4 |reRv-w [None Todays | 3.6 | 307 | 32T | 47.2
3 |Todays {vFR2-w| None Todays S.0 2.8 a,7 S,/
38 11983 |veR2e-W/| None Todays | S9.5| 15,4 | 2720 | 16.4
WEATHER: VFR1l- Ceiling above 1500 ft. and Qisibility over 5 mi.
VFR2- Ceiling between 1000 ft. and 1500 ft. and visibility
between 3 and 5 mi. A
IFRl- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 2400 ftr. RVR and 3 mi.
1FR2- Ceiling between 200 ft. and 1000 ft. and/or visibilicty
between 1800 ft. RVR and 2300 ft. RVR. )
DEMAND: 19831~ Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983. ’
1983%- Limited G.A. schedule assumea a 50% reduction in G.A.
at Miawmi due to reliever airport upgrading.
IMPROVEMENTS: ©Improvement items 1, 2, 3, 7, 9, and 10 as shown in

Miami Data Package No. 6, Attachment B,

850% reduction in G.A. achieved by reliever ajirport upgrading.

PAll improvements of footnote "e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").




TABLE 5

ANNUAL DELAY ESTIMATES
1978 BASELINE vs. 1983 DO-NOTHING CASE

EXP.| DEMAND | IMPROVEMENT | SEPARATION ANNUAL DELAY (hours)
ARRIVAL | DEPARTURE | TOTAL
1,2
4,5 | TopAvs NONE 1978 3,193 5,791 8,984
7,3
8,39 | 1983l NONE 1978 18,027 34,940 52,967
ANNUAL OPERATIONS
TOTAL X_1000
1.2
4,5 | Topays NONE 1978 346.384
7. 3% 1
8,39 1983 NONE 1978 380.200
ARRIVAL | DEPARTURE | TOTAL
1,2 ,
4,5 | TODAYS NONE 1978 0.6 1.0 1.6
7,% )
8,39 | 1983 NONE 1978 2.8 5.5 8.4

DEMAND: 19831- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983.
1983™- Limited G.A. schedule assumes a 50% reduction in G.A.
at Miami due to reliever airport upgrading.

IMPROVEMENTS: ©®Improvement items 1, 2, 3, 7, 9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

8507 reduction in G.A, achieved by reliever airport upgrading.

. PAll {mprovements of footnote "e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").
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COMPARISON OF 1983 DO-NOTHING CASE WITH 1983 SEPARATIONS AND RELIEVER UPGRADING

WITHOUT AIRFIELD IMPROVEMENTS.

The basis for comparing the 1983 do-nothing case with the 1983 separations and
reliever upgrading without airfield improvements includes the IFR1 and VFR2
weather conditions for easterly and westerly traffic flows.

The purpose of these comparisons is to study the effect of a limited 1983
demand on today's airport under 1983 ATC. The 1983 demand is limited due
to a 50 percent G. A. reduction at Miami due to reliever airport upgrading.

EXPERIMENTS : CONF | GURAT I ON
#34 and #9 IFR1 - Easterly Flow
#38 and #17 VFR2 - Westerly Flow

Figures 6 and 7 show the average delays and travel times for arrival and
departure aircraft. Table 6 gives a direct comparison of the experiments
showing the total delays and travel times that accumulated during the
simulations.

Tabie 7 shows the peak average runway delays and the average total delays
per aircraft over the simulation time period,
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TABLE 7

AVERAGE DELAYS

- ————— - -

PEAK HOUR 1100-1900 HRS.
AVERAGE DELAY AVERAGE DELAY
_(MINUTES) (MINUTES)
EXP DEMAND | WEATHER IMPROVEMENTS ATC ARR DEP ARR DEP
34| 19834 |TReiI-E | None Todays | 32.) 1 59.) | aste | 3.8
(1983 |reei-E | 9 1983 | 4.9 |22.5| 3.5 /6.7
38| 19832 |yFRZ-w| None Tedays | S9.5| /8.4 | A7/ | /9./
1701983™ lvere-w| & 1983 | 7.& | /0.y | 3.1 | 8.9
WEATHER: VFRl1- Ceiling above 1500 ft. and visibility over 5 mi.
VFR2- Ceiling betweea 1000 fr. and 1500 ft. and visibility
between 3 and 5 mi. )
IFRl- Ceiling between 200 ft, and 1000 ft. and/or visibility
between 2400 ft. RVR and 3 mi.
IFR2- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 1800 ft. RVR and 2300 fr. RVR. )
DEMAND: 19831~ Pull G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983. '
1983%- Limited G.A. schedule assumes a 50% reduction in G.A.
at Miami due to reliever airport upgrading.
IMPROVEMENTS: SImprovement items 1, 2, 3, 7,.9, and 10 as shown in

Miami Data Package No. 6, Attachment B.
8507 reduction in G.A. achIéved by reliever airport upgrading.

PAll improvements of footnote "e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").
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COMPAR|ISON OF 1983 DO-NOTHING CASE WITH 1983 SEPARATIONS AND AIRFIELD
{MPROVEMENTS WITHOUT RELIEVER UPGRADING.

The basis for comparing the 1983 do-nothing case with the 1983 separations
and airfield improvements without reliever upgrading includes the VFR1 and
IFR1 weather conditions for easterly and westerly traffic flows.

The purpose of these comparisons is to study the effect of a full 1983 demand
on the improved airport under 1983 ATC.

EXPERIMENTS CONF { GURATION

#7 and #118 VFR1 - Easterly Flow
#8 and #36 VFR1 - Westerly Flow
#39 and #15 IFR1 - Westerly Flow

Figures 8 through 10 show the average delays and travel times for arrival and
departure aircraft. Table 8§ gives a direct comparison of the experiments
showing the total delays and travel times that accumulated during the
simulation.

Tables 9 and 10 show the peak average runway delays, the average total
delays over the simulation time period, and the annual delay estimates for
these comparison cases.
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TABLE o

AVERAGE DELAYS

———eem

e —— - .

PEAK HOUR 1100-1900 HRS.
AVERAGE DEIAY AVERAGE DELAY
(MINUTES) (MINUTES)
EXP DEMAND WEATHER IMPROVEMENTS ATC ARR DEP ARR DEP
7119834 [\FRI-E| None Tedaus | /3,) 19.& 7.9 /5. R
115 1983 % |yrFRiI-E | 1383 & 1923 o6 730 | v.4 | 2.6
3] 19832 [yrri-w| Noae Tedays | /2.3 | 186 | 6.4 | /44
36] 19834 [veRi-w] 1983 % 19€3 6.9 1 2.1 ] 32|82
39{ 13334 |TFR\-W| None Yodays | 3).¢ | 317 |25 | 477
15| 1983 % | IFRI-w| 1983% 1983 6.0 | 127 | 3¢ |’/5.2
WEATHER: VFRl- Ceiling above 1500 ft. and Qisibility over 5 mi.
VFR2- Ceiling between 1000 ft. and 1500 ft. and visibility
between 3 and 5 mi. i
IFRl~ Ceiling between 200 ft. and 1000 ft. and/or visibility
between 2400 ft. RVR and 3 mi.
IFR2~ Ceiling between 200 ft. and 1000 ft. and/or visibility
between 1800 ft. RVR and 2300 ft. RVR. )
DEMAND: 19831~ Pull G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983, '
1983%- Lirm . schedule assumes a 50% reduction in G.A.
At fami due to reliever airport upgrading.
IMPROVEMENTS: ©®Improvement items 1, 2, 3, 7,.9, and 10 as shown in

Miami Data Package No. 6, Attachment B,

850% reduction in G.A. achieved by reliever airport upgrading.

PAll improvements of footnote “e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").




TABLE 10

ANNUAL DELAY ESTIMATES
1983 DO-NOTHING vs. 1983 AIRPORT WITHOUT RELIEVER UPGRADING IN 1983

r-—-——————-———-—-——————-»

EXP. DEMAND IMPROVEMENT SEPARATION ANNUAL DELAY (hours)
5 ARRIVAL DEPARTURE TCTAL
7,8
1
39 1983 NONZ 1978 18,027 34,940 52,9617
11B
’ 1
36,15 1983 1983e 1983 9,502 17,991 27,493
ANNUAL OPERATIONS
TOTAL X_1000
7,8
39 19831 NONE 1978 380,200 *
11B, 1 e
36,15 1983 1983 1983 380.200
E

ARRIVAL | DEPARTURE | TOTAL
7,E, 1 .
39 1983 NONE 1978 2.8 5.5 8.4
11p, 1 e
36,15 1983 1983 1983 1.5 2.8 4.3

DEMAND: 19831- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983.
1983®- Limited G.A. schedule assumes a 50% reduction in G.A.
at Miami due to reliever airport upgrading.
IMPROVEMENTS: ©Improvement items 1, 2, 3, 7, 9, and 10 as shown in

Miami Data Package No. 6, Attachment B.
8507 reduction in G.A. achieved by reliever airport upgrading.

PAll improvements of footnote “e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p'").
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COMPARISON OF 1983 DO-NOTHING CASE WITH 1983 SEPARATIONS AND AIRFIELD
fMPROVEMENTS WITH RELIEVER UPGRADING.

The basis for comparing the 1983 do-nothing case with the 1983 separations
and airfield improvements with reliever upgrading includes the VFR1, VFR2,
and IFR1 weather conditions for easterly and westerly traffic flow.

The purpose of these comparisons is to study the effect of a limited 1983
demand on the improved airport under 1983 ATC. The 1983 demand is limited
due to a 50 percent G. A. reduction at Miami due to reliever airport

upgrading.
EXPERIMENTS CONF I GURATION
#7 and #14AA VFR1 - Easterly Flow
#8 and #37 VFR1 - Westerly Flow
#34 and #35A IFR1 - Easterly Flow
#39 and #20N IFR1 = Westerly Flow
#38 and #12 VFR2 - Westerly Flr :

Figures 11 through 15 show the average delays and travel times for a.. val

and departure aircraft. Table 11 gives a direct comparison o! the experis

ments showing the total delays and travel times that accumulated during the
simulation.

Tables 12 and 13 show the peak average runway delays, the average total
delays over the simulation time period, and the annual delay estimc-es
for these comparison cases.
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TABLE 12

AVERAGE DELAYS

PEAK HOUR 1100-1900 HRS.
AVERAGE DELAY AVERAGE DELAY
(MINUTES) (MINUTES)
EXP DEMAND WEATHER IMPROVEMENTS ATC ARR DEP ARR DEP
7 [ 19234 | vFRi-e| None Todods | /3,7 | /9.2 | 7.9 | r5=a&
14AAl 1983 | vFri-€ | 13838 % 198 3 2.6 e/ | 1.y s a
g1 19834 |veri-w| None Todays | /2.2 | /8. G.o | 14y
3711283™ |[VERI-w | 1683%:% [G83 2.3 ¥, /.¢C 3.4
34| 1983% |TFRI-E [Nene Tedays | 33./ 1 59.) | as.o | £2.a
35A} |9%3™ |CpRRI-E | 1AR3%% | 1982 4.6 ‘4.8 3.6 .4
39( 19834 |£FRI-W/| None Todays | 37.¢ | 217 | 25~ | 472.7
20N]1933™ |TFRI-wW| 1933%% 1983 35| 9.7 2.5 | /0.5
38 | 1983 % [veR2-w/| None Todoys | S9.S | /8.4 | 872.7176./
121 1982™ [yFR2-w| 19834 % (423 K9 | 4.6 /s | 3.

WEATHER: VFR1- Ceiling above 1500 ft. and visibility over 5 mi.
VFR2- Ceiling between 1000 ft. and 1500 ft. and visibility
between 3 and 5 mi.
IFR1- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 2400 ft. RVR and 3 mi.
IFR2- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 1800 ft. RVR and 2300 ft. RVR. ’

DEMAND: 1983l- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983. .
1983%- Limited G.A. schedule assumes a 50% reduction in G.A.
at Miami due to reliever airport upgrading.

IMPROVEMENTS: ®Improvement items 1, 2, 3, 7,.9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

8501 reduction in G.A. achiéved by reliever airport upgrading.

PAll {mprovements of footnote "e" except for improvement #10.

(Adrcraft are being towed instead of taxied under footnote "p").




TABLE 13

ANNUAL DELAY ESTIMATES '
1983 DO-NOTHING vs. 1983 AIRPORT WITH RELIEVER UPGRADING IN 1983 |

EXP.  DEMAND | IMPROVEMENT | SEPABATION ANNUAL DELAY (hours) - |
ARRIVAL ) DEPARTURE | TOTAL j
7,3 N
8,39 | 1983 NONE 1978 18,027 34,940 52 967
14AA, 37 - .z
20N,35A} 1983 1983°° 1983 2,873 9,632 112,505 ;
ANNUAL OPERATIONS
TOTAL X 1000
7% )
8,39 1983 NONE 1978 380,200
14AA, 37 - .
20N,35a] 1983 1983°°8 1983 340.200
ARRIVAL | DEPARTURE | TOTAL
7.3% ) 4
8,39 1983 NONE 1978 2.8 5.5 3.4
llﬁAA,jﬂ m e’g «
20N,35a] 1983 1983 1983 0.5 1.7 2.2 .1

DEMAND: 19831- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983.
1983"- Limited G.A. schedule assumes a 50% reduction in G.A.
at Miami due to reliever airport upgrading.

IMPROVEMENTS: ©Improvement items 1, 2, 3, 7, 9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

8507 reduction in G.A. achieved by reliever airport upgrading.

. PAll improvements of footnote “e" except for improvemeant #10.
(Aircraft are being towed instead of taxied under footnote “p").
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COMPARISON OF 1983 SEPARATIONS AND RELIEVER UPGRADING WITHOUT AIRFIELD
MPROVEMENTS WITH 1983 SEPARATIONS AND A!RFIELD I[MPROVEMENTS WITHOUT

RELIEVER UPGRADING.

The basis for comparing the 1983 separations and reliever upgrading without
airfield improvements case with the 1983 separations and airfield improve-

ments without reliever upgrading case includes the VFR1 weather condition
under easterly traffic flow.

This comparison shows the relationship between using a limited 1983 demand

on today's airport under 1983 ATC as opposed to using a full 1983 demand on
the improved airport under 1983 ATC.

EXPERIMENTS CONF | GURAT | ON
#11A and #118B VFR1 - Easterly Flow

Figure 16 shows the average delays and travel times for arrival and
departure aircraft., Table 14 gives a direct comparison of the experiments

showing the total delays and travel times athat accumulated during the
simulations.

Table 15 shows the peak average runway delays, and the average total delays
over the simulation time period.
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TABLE 15

AVERAGE DELAYS

PEAK HOUR 1100-1900 HRS.
AVERAGE DELAY AVERAGE DELAY
(MINUTES) (MINUTES)
EXP DEMAND | WEATHER IMPROVEMENTS ATC ARR DEP ARR DEP
LIA | 1983™ {yFR\-E | G- 1483 | 2.9 | 10.5] /. § 7.3
B (19834 [veRl-E | 1983 1983 | /0.6 |JA.] | %4 | 7.6
WEATHER: VFRl- Ceiling above 1500 ft. and Qisibility over 5 mi.

DEMAND:

IMPROVEMENTS:

19831-

1983%.

VFR2- Ceiling
between
IFR1~- Ceiling

between 2400 ft. RVR and 3 mi.

IFR2- Ceiling
betwveen

between 1000 ft. and 1500 ft. and visibility

3 and 5 mi.

between 200 ft. and 1000 ft. and/or visibility

between 200 ft. and 1000 ft. and/or visibility
1800 ft. RVR and 2300 ft. RVR. ' )

Miami between 1978 and 1982.

at Miami due to reliever airport upgrading.

€Improvement items 1, 2, 3, 7,.9, and 10 as shown in

Miami Data Package No. 6, Attachment B.

Full G.A. schedule assumes no G.A. relocation out of

Limited G.A. schedule assumes a 50% reduction in G.A.

850% reduction in G.A. achiéved by reliever airport upgrading.

PAll improvements of footnote "e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p”).




COMPARISON OF 1983 SEPARATIONS AND RELIEVER UPGRADING WITHOUT AIRFIELD
TMPROVEMENTS WITH 1983 SEPARATIONS AND AIRFIELD IMPROVEMENTS WITH
RELIEVER UPGRADING.

The basis for comparing the 1983 separations and reliever upgrading without
airfield improvements with the 1983 separations and airfield improvements
with reliever upgrading includes the IFR1, |IFR2, and VFR2 weather conditions
under easterly and westerly traffic flow.

The purpose of this comparison is to study the effect of the improved airport
under lTimited, 1983 demand and 1983 ATC.

EXPERIMENTS CONF I GURAT I ON

#9 and #35A {FRT -« Easterly Flow
#10 and #2IN IFR2 - Easterly Flow
#17 and #12 VFR2 - WEsterly Flow

Figures 17 thru 19 show the average delays and travel times for the comparison
experiments. The results of the experiments are shown in table 16.

Table 17 shows the peak average runway delays and the average total delays
over the simulation time period.
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TABLE 17

AVERAGE DELAYS

PEAK HOUR 1100-1900 HRS.
AVERAGE DEIAY AVERAGE DELAY

(MINUTES) (MINUTES)
EXP DEMAND WEATHER IMPROVEMENTS ATC ARR DEP ARR DEP
91 19383 |LFR1-E | & 1983 H9 | 2a.5| 3. | 76.7
354 | 1983™ |1FRI-E | 1983 % 198 3 4.6 | /4.2 | 2.6 5.6
lo| 198%™ |1FR2-E| & 1923 5%.5| 39.9 | 23.2 | 4/..&
AN | 19823 [reRe-E] 19R3%:% 1983 /2.3 | /0.0 .G 6.3
1711923™ |veR2-w| % \q¢3 7.3 | /0.} 3.) §.9
12,/ 19837 veR2-w | 1983%.% 1923 | .9 | ¢.6 | 2.< | 2.1

WEATHER: VFRl- Ceiling above 1500 ft. and visibility over 5 mi.
VFR2- Ceiling between 1000 ft. and 1500 ft. and visibility

between 3 and 5 mi.

IFRl- Ceiling between 200 ft. and 1000 ft. and/or visibility

between 2400 ft. RVR and 3 mi.

1IFR2- Ceiling between 200 ft. and 1000 ft. and/or visibilicy

between 1800 ft. RVR and 2300 ft. RVR.

DEMAND: 1983l- Pull G.A. schedule assumes no G.A. relocation out of

Miami between 1978 and 1983. '

1983®- Limited G.A, schedule assumes a 50% reduction in G.A.

IMPROVEMENTS:

at Miami due to reliever airport upgrading.

®Improvement items 1, 2, 3, 7,.9, and 10 as shown in
Miami Data Package No. 6, Attachment B,

850% reduction in G.A. achieved by reliever airport upgrading.

PAll {mprovements of footnote "e'" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").




COMPARISON OF 1983 SEPARATIONS AND AIRFIELD IMPROVEMENTS WITHOUT RELIEVER
UPGRADING WITH 1983 SEPARATICNS AND AIRFIELD IMPROVEMENTS WITH RELIEVER
UPGRAD ING.

The basis for comparing the 1983 separations and airfield improvements without
reliever upgrading with the 1983 separations and airfield improvements with
reliever upgrading includes the VFR1 and IFR1 weather conditions under easterly
and westerly traffic flow.

The purpose of this comparison is to study the effect of limited 1983 demand
on the improved airport under 1983 ATC. The limited 1983 demand assumes a
50 percent reduction in G.A, traffic at Miami due to reliever airport upgrading.

EXPERIMENTS CONF IGURAT{ON

#118 and 14AA VFR1 - Easterly Flow
#36 and #37 VFR1 - Westerly Flow
#15 and #20N IFR1 - Westerly Flow

Figures 20 through 22 show the average delays and travel times for arrival

and departure aircraft, Table 18 gives a direct comparison of the experiments
showing the total delays and travel times accumulated during the simulation.
The results of each comparison is noted on the table,

The effect of the reliever upgrading on the peak average runway delays and the
average total delays are shown in table 19. The annual delay estimates for
these comparison cases are shown in table 20,




'AD-AO‘?‘? 968 FEDERAL AVIATION ADMINISTRATION TECHNICAL CENTER ATL--ETC F/6 1/2 -
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TABLE 19

AVERAGE DELAYS

PEAK HOUR 1100-1900 HRS.
AVERAGE DELAY AVERAGE DELAY
(MINUTES (MINUTES)
EXP DEMAND | WEATHER| IMPROVEMENTS | ATC ARR DEP ARR DEP
1B} 13933*% |yFRi-g | 1983¢€ 193 | fo.¢{/2.) | 44 | 7.6
I4AA[ 1982™ |VFRI-E | 1483 % 1933 .6 g./ /-4 | S.a&
h
36| 1993 [VFRI-W | 1983 % 1383 | 6.9 | /2. ] 3.3 | €3 5
37| (383" |vFRI-wW | 1983%% 19¢3 |1 .3 | 4.5 1| /.6 3.4 «
15| 1983+ [zrei-w | (983% 1983 | 6,0 1/3.7 | 3. | !z
20N{1383™ |TFR1-w | 1983%% 1963 1 3.5 19.2 | &.5 | r0.C i
i
t
|
' 3
¥
\
WEATHER: VFR1l- Ceiling above 1500 ft. and Qisibility over 5 mi. !
VFR2- Ceiling between 1000 ft. and 1500 ft. and visibility
between 3 and 5 mi. .
IFR1- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 2400 ft. RVR and 3 mi.
IFR2- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 1800 ft. RVR and 2300 ft. RVR. )
DEMAND: 19831~ Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983. ' 1
1983%- Limited G.A. schedule assumes a S0% reduction in G.A.
at Miami due to reliever airport upgrading. ]

€Improvement items 1, 2, 3, 7,.9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

IMPROVEMENTS:

850% reduction in G.A. achieved by reliever airport upgrading.

PAll improvements of footnote "e" except for improvement #10.

(Aircraft are being towed instead of taxied under footnote "p").




TABLE 20

ANNUAL DELAY ESTIMATES
1983 AIRPORT WITHOUT RELIEVER UPGKADING IN 1983 vs.
1983 AIRPORT WITH RELIEVER UPGRADING IN 1983
EXP. DEMAND | IMPROVEMENT SEPARATION ANNUAL DELAY (hours)
ARRIVAL DEPARTURE TOTAL

118, 1 e

35,19 1933 1983 1983 9,502 17,991 27,493
14AA o e,g

37, 1983 1983 1983 2,873 9,632 12,505

ANNUAL OPERATIONS

TOTAL X 1000 q‘

fLiB, 1 . '
5.15¢ 1983 1983~ 1983 380.200 £
14AA, m e.q X
7,204 1983 1983 1983 340.200 hy
Ty
|
AVERAGE A AL DETAY 1
ARRIVAL | DEPARTURE | TOTAL s
118, 1 e - N
35,15] 1983 1983 1983 1.5 2.8 4.3
14AA,£ o e,q A

37,208 1983 1983°° 1983 0.5 1.7 2.2

DEMAND: 19831- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983.
19837- Limited G.A. schedule assumes a 50% reduction in G.A.
at Miami due to reliever airport upgrading.

IMPROVEMENTS: ©Improvement items 1, 2, 3, 7, 9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

250% reduction in G.A. achieved by reliever airport upgrading.

PAll improvements of footnote "e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").
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EFFECT ON RUNWAY 30,

The basis for comparing the effect of runway 30 includes the VFR1 weather
condition under westerly traffic flow.

The purpose of this comparison is to study the effect of closing runway 30
to arrival and departure operations under VFR1 westerly flow,

EXPERIMENTS CONF I GURATI1ON
#40 and #8 VFR1 - Westerly Flow

Figure 23 shows the average delays and travel times for the comparison
experiments. Table 21 gives a direct comparison of the experiments
showing the total delays and travel times that accumulated during the
simulations,

The effect of using runway 30 on the peak average runway delays and the aver-

age total delay per aircraft is shown in table 22,
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TABLE 22

AVERAGE DELAYS {

PEAK HOUR 1100-1900 HES. |

AVERAGE DELAY AVERAGE DELAY :

(MINUTES) (MINUTES) |

EXP | DEMAND | WEATHER | IMPROVEMENTS | ATC ARR DEP ARR DEP f
o | 19834 | VFRI-w| None Tedays | 63.3 | 2.8 | 30.¢6 | /9.6
B | 1983 4| veR)-w | None Todays | /R. R ) /8.6 | 6.4 | 4.4

WEATHER: VFRl- Ceiling above 1500 ft. and visibility over 5 mi.
VFBR2- Ceiling between 1000 ft. and 1500 ft. and visibility
. between 3 and 5 mi. ]
IFR1- Ceiling between 200 fr. and 1000 ft. and/or visibility
between 2400 fr. RVR and 3 mi.
IFR2- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 1800 ft. RVR and 2300 ft. RVR. )

DEMAND: 1983l- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983, ’
19837~ Limited G.A. schedule assumes & 50% reduction in G.A.
at Miami due to reliever airport upgrading.

IMPROVEMENTS: ®Improvement items 1, 2, 3, 7,.9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

850% reduction in G.A. achieved by reliever airport upgrading.

PAll improvements of footnote "e" except for improvememt #10.
(Aircraft are being towed instead of taxied under footnote "p").




14
B

COMPARISON OF TOWING VERSUS TAXIING BETWEEN MAINTENANCE AREAS AND GATES,

The basis for comparing towing versus taxiing between aircraft maintenance
areas and gates includes the VFRZ weather conditions under westerly traffic
flow.

The purpose of this comparison is to study the effect of taxiing aircraft
under their own power between their maintenance areas and gates as opposed
to having them externally towed,

EXPER IMENTS CONF { GURAT {ON
#12A and #12 VFR2 - Westerly Flow

Figure 24 shows the average delays and travel times for the comparison
experiments, Table 23 shows the total delays and travel times accumulated
during the simulations.

The effect of towing versus taxiing on the peak average runway delays and
the average total delays is shown in table 2L,
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TABLE 24

AVERAGE DELAYS |

PEAK HOUR 1100-1900 HRS. |
AVERAGE DELAY AVERAGE DELAY '
(MINUTES) (MINUTES)
EXP | DEMAND | WEATHER | IMPROVEMENTS | ATC ARR DEP ARR DEP
127 ] 1993™ |vFr2-w| 1983 P % 193 1 2.9 | 4.7 | /.8 | 2.7
|2 | 1923™ |vFR2-w| 19834 1983 | .9146 | /.51 3.

WEATHER: VFRl- Ceiling above 1500 ft. and visibility over 5 mi.
VFR2- Ceiling between 1000 ft. and 1500 ft. and visibility
between 3 and 5 mi. ]
IFRl- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 2400 ft. RVR and 3 mi.
IFR2- Ceiling between 200 ft. and 1000 ft. and/or visibility
between 1800 ft. RVR and 2300 ft. RVR. ’

L

gy

DEMAND: 1983l- Full G.A. schedule assumes no G.A. relocation out of
Miami between 1978 and 1983. ’
1983%- Limited G.A. schedule assumes & 50% reduction in G.A.
at Miami due to reliever airport upgrading.

IMPROVEMENTS: ®Improvement items 1, 2, 3, 7,.9, and 10 as shown in
Miami Data Package No. 6, Attachment B.

8507 reduction in G.A. achieved by reliever airpart upgrading.

PAll improvements of footnote "e" except for improvement #10.
(Aircraft are being towed instead of taxied under footnote "p").




2.5 ANALYSIS OF RESULTS (INTERPRETATION).

i

‘1

The results of the experiments performed under the delay studies of the ‘
Miami lInternational Airport Task Forre have demonstrated the relationship !

of air traffic demand and delay, and identified the delay reduction benefits ‘:
of various near-term and far-term improvements, '

Several performance measures have been introduced to indicate the changes
which occur as improvements are introduced into the air traffic control
scenario, the airport design and the demand. These measures include the

peak hour average delays (runway delays), the 1100-1900 hour average :
delays (total delays), and the total, accumulated delays and travel times

during a simulation time period. They are calculated under different estimates h
of air traffic demand and operating conditions.

Table 25 presents a summary of the annual delay estimates for the various
demands, the improvements and the ATC system scenarios, The results are plotted
in figures 25 through 30 to illustrate both present and future operating
conditions at the airport., Selected data points have been cornected to emphasize iy
the effect of various demand/improvement/ATC system scenario options. '
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APPENDIX A

Computer Output of Experimentél Results
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